The transfer matrix method and the finite element method are used to calculate the torsional vibration inherent characteristics of the gear shaft of the motor-driven feed pump. The transfer matrix method needs to establish the multi-segment concentrated mass model of the shafting system. The finite element method is used to establish the model of the shaft system with gears by using ANSYS software. The gears are set using the matrix unit Matrix27.The results of the two methods are compared to ensure the accuracy of the model Consider the gear shaft with the role of bending and torsion obvious, based on the established nonlinear model of gear -shaft system, the differential equation of gear kinematics is deduced, and the stiffness coupling in Matrix27 is modified by obtaining the stiffness matrix. The final calculation results show that the gear -shaft system has a new frequency Appears, and some frequencies and some of the frequency is not coupled, there will be some changes.
INTRODUCTION
Pump and fan auxiliaries are the major energy users in nuclear power plants and thermal power plants, which account for more than 80% of the house supply, When the major power generation groups are carrying out or planning the frequency conversion or double speed transformation of the auxiliary equipment, the research focuses are mostly on the necessity of transformation [1] , However, with the operation of induced draft fan and feed pump in frequency conversion or double speed transformation, some security problems occurred, Such as vibration is too large, shaft fracture, etc. Such accidents have also occurred in China [2] . There are many reasons for this kind of accidents, this paper tries to identify the natural frequency of torsional vibration from the analysis of the inherent characteristics of the structure, in the design, if the rotational speed effectively avoids the natural frequency of the shafting, it will be of great help to the selection of the equipment [1] [2] . *First author: Shen-bin Nie, Senior Engineer, Suzhou Nuclear Power Research Institute, Shenzhen, China 518000 Second author Ming-xiang Gong, Suzhou Nuclear Power Research Institute, Shenzhen, China 518000
Torsional vibration analysis model
On the basis of the torsional vibration analysis model of gear pair, the torsional vibration model of gear rotor system is formed by considering the torsional rigidity and moment of inertia of the shaft, as shown in the figure. In dynamic analysis, the shaft is divided into a massless elastic shaft section and a rigid mass disk according to the lumped mass model. Only the torsional motion of the gear pair is considered here, and the differential equation of the force acting on the system is as follows [3] . The formula of the meshing force of gear teeth is as follow:
k m is the stiffness of the gear pairs; c m is the damping of the gear pairs;R i (i=p,g) is the radius of the circle ;θi(i=p,g) is the angular displacement of the gears;
Ignoring the damping of the shaft and gear, as well as the error in the manufacture, transmission and installation of the gears, the differential equations of torsional vibration can be obtained when the meshing forces are brought into gear.
Calculation of natural frequencies of torsional vibration by transfer matrix method
The transfer matrix is a special method for calculation of catenary system inherent frequency and vibration type, it is suitable for systems with complex branched structure and easy for computer programming, So the transfer matrix method has been widely used [4] . If the branch structure is relatively short, the (
equivalent moment of inertia wheel branches is relatively small, its influence on the torsional vibration characteristics is relatively small, this may be omitted as accessory structure, considering the whole system as a chain structure.
The shafting is divided into many segments, and the lumped mass is regarded as a rigid disk, and the discs are connected by means of massless elastic shafts. The gear units are individually analyzed [4] [5] .
The stress analysis is carried out on the N axis section and the N disk, and the circle is taken as the reference. The torque and torsion angle on the right side of the first n disk is R, and the torque and torsion angle at the left of the N disk is L.
For the shaft section,
The transfer matrix of the axial segment Figure 3 . Gear transmission model. Some models often assume that the meshing stiffness of gears is infinitely large. At this point, the transmission of torsional angles meets the requirements of the transmission ratio. And actually because of the existence of mesh stiffness, the transmission of the torsional angle does not correspond to the transmission ratio. But this model can be used when the accuracy is not very high.
Taking an electric feed water pump shaft of an electric power plant as an example, The vibrational curve corresponding to the first three frequencies is shown in figure 5 : 
Model building by finite element ansys software
The finite element model of the vibration of the gear transmission system is divided into two types: solid element model and linear unit model. The solid element model adopts three -dimensional solid modeling, the modeling process is complex and the meshing is difficult. For the linear unit model, the axis adopts the line model, the grid unit is used to divide the mesh, Concentrated Quality Use Quality Unit. For gear processing, the master and slave wheels are often combined into a solid by Boolean operation [4] .
Using Ansys to establish the gear-shaft torsional vibration model, the key to modeling is to use a reasonable unit to express the gear stiffness. In this paper, the matrix unit Matrix27, Matrix27 unit settings are as follows: The finite element model of the pump shaft -gear -motor shaft was established to calculate the frequency of the first four torsional vibration: It can be seen that the result of the transfer matrix is almost identical to that of the finite element. Therefore, in the finite element and transfer matrix, it is correct to derive the torsional meshing stiffness of the gear by using the meshing stiffness of the gear.
Coupling analysis of bending and torsion
Due to the action of the gear, the vibration of the gear-bearing-rotor system has the effect of bending and torsional coupling, This effect is not only reflected in the bending vibration response and torsional vibration response under forced vibration, but also the natural frequency under free vibration is different from the natural frequency of the uniaxial rotor. [5] For the inertial coupling of the gears, it can be achieved by defining the Mass21 mass unit at the node, The value of the translation direction of the gear quality, the direction of rotation of the value of the inertia of the gear; For the stiffness coupling of the gear, you can use Matrix27 matrix unit to achieve. The value of the stiffness matrix of the corresponding gear can be placed in the corresponding position in the matrix unit [5] . C10  C9  C11 C12  C8  C7  C6  C5  C4  C3  C2  C1  C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23  C24 C25 C26 C27 C28 C29 C30 C31 C32 C33  C34 C35 C36 C37 C38 C39 C40 C41 C42  C43 C44 C45 C46 C47 C48 C49 C50  C51 C52 C53   C43  C54 C55 C56 C57  C58 C59 C60 C61 C62 C63 C64 C65 C66 C67 C68 C69 C70 C71 C72 C73 C74 C75 C76 C77 C78
UX UY UZ θX θY θZ UX UY UZ θX θY θZ UX UY UZ θX θY θZ UX UY UZ θX θY θZ
Symmetric
Modify the value of the coupling in the matrix, you can achieve the coupling between different degrees of freedom, as shown in the box is the bending between the coupling items.
Convert it to a real constant in the atrix27 matrix unit, as follows: 
K m is the meshing stiffness of the gear, α t is the face pressure angle; R p and R g are the radius of the base circle. According to parameters ,the value of the element at the corresponding position of the matrix element can be calculated.
The finite element model of the pump-gear-motor-front pump shaft is established, as shown in the following figure: Constrain the axial degree of freedom, get bending and twisting frequency, see Table 4 : By modifying the coupling in the stiffness matrix of the gear, the frequency at which no coupling is obtained is shown in Table 5 : It can be seen from the table that the bending and torsional coupling of the gear produces a new frequency, And some frequency and uncorrection compared to the frequency, there will be some changes, For example, the first-order torsional vibration frequency is reduced from 48.1Hz to 46.9Hz, the second-order torsional vibration frequency is reduced from 80.1Hz to 79.2Hz, but in general, the bending and torsional coupling of the gears to the feed pump -gear-motor-The pump frequency calculation results have little effect. The first two steps of the bending frequency of the shaft are within the operating frequency range, corresponding to the operating speed of 2196rpm and 2832rpm. Therefore, in the variable speed adjustment, should pay attention to avoid the corresponding work area.
CONCLUSION
Based on the dynamic equation of gear transmission, the transfer matrix expression of gear transmission shaft system is deduced. The torsional vibration characteristics of the shafting system are calculated by using the transfer matrix, and the corresponding torsional vibration modes are obtained.
The finite element model of the shaft -gear is established. The key is the processing of the gear unit. In this paper, Matrix 27 is used to deal with the gear stiffness unit. The natural frequency of the torsional vibration of the shaft system is calculated and the reference is avoided in the actual design.
Compared with the calculation results of the two models, the calculation error is within reasonable range, indicating that the model is precise and feasible.
